Under anaerobic conditions nitrate and nitrite can be used as electron acceptors in the process of anaerobic respiration, representing an effective way to produce adenosine triphosphate. When considered in reference to a heterogeneous environment rather than within the biochemical context, the terms "anaerobiosis" and "aerobiosis" can be misleading. At stake is the competition between oxygen and other electron acceptors to capture the flux of electrons generated by an oxidative process. This is an extremely complex situation whereby the diffusion coefficients of the individual chemical species play an important role. When there exists a continuous supply of both oxygen and reductive power, it is possible to observe, within the same environment, anaerobic and aerobic conditions where oxidative and reductive processes may occur simultaneously (8, 10) .
The present work reports on the reduction of nitrate and nitrite by pure (Pseudomonas aeruginosa) and mixed (soil) cultures within niches of reduced oxygen tension found in filter papers incubated aerobically.
MATERIALS AND METHODS Three strains of P. aeruginosa, a nonfermenting denitrifying bacteria, provided by A. H. Stouthamer (16), were used: S 838 FP-str, the wild strain endowed with both nitrite and nitrate reductase; S 925 FP-met-28 trp-6 nir, a nitrite reductaseless mutant; and S 1128 FP-narB str, a nitrate reductaseless mutant.
A filter paper (Whatman no. 50, 5.5-cm diameter) was inoculated with a 1.0-ml P. aeruginosa or soil suspension and placed on nutrient agar plates supplemented with 1.0 g of D-glucose per liter and 100 mg of N02-N per liter, or 100 mg of N03-N per liter, or nitrite and nitrate. After 3 days of incubation, the filter paper with the microorganisms embedded in it was subjected to four serial transfers on agar plates of the following mineral composition: K2HP04, 0.5 g; MgSO4 . 7H20, 0.1 g; CaCl2. 2H20, 5 mg; ethylenediaminetetraacetate Fe, 5 mg of Fe; agar, 15 g; made up to 1,000 ml with deionized water. The pH was adjusted to 7.8 with an Na2CO3 solution. Each transfer lasted 8 h to wash away by diffusion any traces of residual inorganic nitrogen as well as any organic compounds. At the completion of the last rinse, the experiment was initiated by depositing the filter paper on a 6-cm-diameter petri dish containing 10.0 ml of the above-mentioned mineral composition, supplemented with: glucose, 1.0 g per liter; NaNO2, 100 mg per liter of N, or NaNO3, 100 mg per liter of N, or NaNO2 and NaNO3.
All the plates used, either for the washing process or the experiment, were sufficiently dried to evaporate any residual free water on the agar surface. Thus, at each transfer, additional microbial spreading within the water film was avoided. Incubation was performed at 30°C. At various time intervals, one plate was sampled, and its contents in nitrate, nitrite, ammonium, and glucose were measured.
The 10.0-ml agar sample was diluted with water, heat melted, and then brought to 100.0 ml at room temperature. Chemical determinations were made on the solution thus obtained. Controls indicated that the heat treatment did not induce ammonium losses by ammonia volatilization. The filter paper which contained undetectable amounts of nitrite, nitrate, ammonium, or glucose was not included in the sample.
Glucose was determined by the Folin and Wu method (6) . Ammonium, nitrate, and agar did not interfere, but nitrite had to be destroyed with sulfamic acid before the addition of the cupric solution. Nitrite was colorimetrically measured by the a-naphthylamine method (1) . Ammonium and nitrite plus nitrate were determined by micro-Kjeldahl. Total nonvolatile inorganic nitrogen is defined as (NH4' + N02 + N03 ) -N. Triplicate chemical analyses were made per sample, more if an abnormal dispersion of the data was observed.
RESULTS AND DISCUSSION
In spite of the aerobic conditions of incubation, and of the thinness of the barrier to oxygen diffusion as provided by the filter paper, the reduction of nitrate or nitrite or both was intense (Fig. 1) . The ratio of the number of moles of nitrate or nitrite or both reduced per mole of glucose oxidized varied from 0.3 to 1.7 (Table 1) , reflecting possible differences from sample to sample between the ratio of cells using nitrate or nitrite or both as electron acceptors and those using oxygen.
The nonenzymatic loss of nitrite in the absence of oxygen has been reported, as nitrite may react with some organic compounds to form nitrosogroups and ultimately nitrogenous gases (4) . In the present case, such chemical degrada- tion did not occur since the concentration of both nitrate and nitrite remained nearly constant when the agents of the denitrification were nitrate or nitrite reductaseless mutants (Fig. 2) . Most likely, it was the combination of the physical restriction on oxygen diffusion and the biological oxygen consumption of glucose oxidation in the upper layers of the filter paper which created, in the layers close to the agar surface, conditions propitious to anaerobic respiration and fermentation. The production of nitrogenous gases was not experimentally verified but inferred, since neither ammonium nor nitrite accumulated in any treatment, and reductive assimilation must have been minimal. The cells within the filter paper had reached a level of steric saturation at the end of the 3 days of preincubation, with about 109 cells per whole filter paper in the space available between the cellulose fibers.
Nitrite has been shown to be inferior as an electron acceptor to nitrate in P. aeruginosa, since it inhibits the active transport of glucose, as well as of electrons in the terminal transport chain (17) . In the present experiments, nitrite was reduced as effectively as nitrate, and when added together in the medium, both were simultaneously used as electron acceptors, although a delay of 4 to 5 h was observed with nitrite ( Fig. 3) . The toxicity of nitrite was observed, however, as the oxidation of glucose was markedly hindered with the nitrite reductaseless mutant (Fig. 2) (Fig. 4) Whereas the results described above were obtained under highly artificial conditions, the experimental system permits the study of carbon and nitrogen transformations under simultaneously aerobic and anaerobic conditions of intense biological activity as would be expected in energy-rich microniches. The possibility of a serial transfer of the biological agents with the filter paper to various inert components where the soluble chemicals diffuse, is conducive to an investigation of the dynamics of the carbon and nitrogen cycles with "C-and '6N-labeled compounds.
